Experiments were performed to study the effect of jet angle of hollow jet aerators on oxygen transfer of water. Three jet angles of 30°, 45° and 60° were used to produce hollow jets impingement on the water in the pool. Results from experimental study showed a significant effect of hollow jet angle on volumetric oxygen transfer coefficient (K L a) at higher jet velocities. Standard oxygen transfer efficiency (SOTE) of 60° hollow jet aerators is observed higher with low-kinetic-power jets, but at higher kinetic power, 30° hollow jet aerator is observed to be the best in terms of SOTE. Moreover, modeling performance of the experimental data is evaluated by training and testing of the models, and empirical equations derived from multiple linear and multiple nonlinear regression techniques are compared with artificial neural network approach. The results of the present study are also compared with the previous studies of plunging jet aerators.
Introduction
Jet aeration occurs in many natural and practical situations involving pouring and filling of molten liquids, free fall of water from weir crest, breaking waves in sea and lakes, flowing water in rivers and canals, aerobic wastewater treatment and industrial processes, e.g., flotation of minerals, fermentation, cooling system in thermal industries, mixers in chemical industries (Sene 1988; Bin 1993; Deswal and Verma 2007a) . Air is transferred and mixed to the submerged water region by plunging jets due to the exposure of surface area of jet to the ambient air of atmosphere before impingement into the water pool and a large turbulence is created. Air water biphasic region is produced in the form of air bubbles below the water surface by the insertion of high-velocity water jet. Plunging jet aerators achieve both aeration and mixing (Van de Sande and Smith 1975) , and the contact area between air and water below water surface determines the amount of oxygen transfer. High oxygen transfer is achieved with smaller bubbles having larger surface area than bubbles larger in size. The performance of a jet aerator is reflected by its efficiency to transfer oxygen into the aeration system. Volumetric oxygen transfer coefficient K L a and oxygen transfer efficiency are the two performance evaluation parameters influenced by various jet input parameters.
Studies conducted on jet aerators by varying parameters, viz. jet velocity, jet angle, length of jet, nozzle size and shape, indicated the effect of these parameters on oxygen transfer and entrainment of air. Investigations of Van de Sande (1974) on plunging jets having 10-mm-dia. nozzle suggested slightly decrease in oxygen transfer rate with diminishing angle. Ahmed (1974) and van de Donk (1981) researched over inclination angles of jet and found that oxygen transfer coefficient was weakly influence by angle of impact. findings on inclination angle of two cylindrical nozzles ranged from 45° to 90° were significantly different from above studies and indicated that the jet impact angle of the nozzles considerably influences the oxygen transfer rate of a jet mixer, and the author suggested an optimum inclination angle of 60 o for efficient oxygen transfer and mixing. Ohkawa et al. (1986) experimented over inclined jets having angles of 45° and 60° and found no significant influence of inclination angle on oxygen transfer rate. Bagatur et al. (2002) investigated on the air entrainment characteristics of different shaped nozzles. Emiroglu and Baylar (2003) experimented on plunging venturi device having air holes on the convergent and divergent passage and observed the effect of location and number of air holes on air entrainment and oxygen transfer efficiency. Deswal and Verma (2007a) found the oxygen transfer efficiency of multiple jets higher up to 1.6 times than that of a single jet under similar conditions and correlated the oxygen transfer coefficient with jet parameters and no. of jets. Deswal and Verma (2007b) studied the performance of conical plunging jet aerator having jet angle of 60° with smaller jet thicknesses and tested the validity of support vector machines modeling technique. Deswal (2011) used SVM and GP regression techniques in modeling oxygen transfer by multiple plunging jets. Singh et al. (2011) carried out the study to examine the oxygenation potential of various shapes of nozzle jets and suggested some relationships of oxygen transfer coefficient and penetration depths in terms of jet kinetic power for the used nozzle geometries. Deswal and Pal (2015) compared the performance of poly and RBF kernel function-based SVM in modeling mass transfer by vertical and inclined plunging jets. Chipongo and Khiadani (2016) studied oxygen transfer by multiple vertical plunging jets in tandem and observed the impact of various jet parameters on oxygen transfer. Jahromi and Khiadani (2017) have investigated the performance of nozzle jet discharging into turbulent cross-flow in a rectangular flume with varying jet impact angles, jet fall height, jet to cross-flow velocity ratio and depth of flow; and found substantially higher efficiency of nozzle jets in a cross-flow than the jets plunging into stagnant pool of water.
To sum up, there is a lot of work available in the literature that deals with the gas entrainment of plunging nozzle jets with varying jet parameters and jet geometries. Despite the encouraging performance of hollow jet aerators over some conventional aerators (Deswal and Verma 2007b) , a few studies are available on hollow jet aeration devices. The current study investigates the oxygenation performance of hollow jet aerators of different jet inclination angles, and modeling techniques (multiple linear regression, multiple nonlinear regression, and artificial neural network) are employed to predict volumetric oxygen transfer coefficient of hollow jets. In addition to this, a comparison of current work is made with existing studies available in the literature.
Oxygen transfer parameters
The volumetric oxygen transfer coefficient (K L a) T is the slope of semilogarithmic plot of the DO deficit against time (Ashley et al. 2013; Chipongo and Khiadani 2016) , so the volumetric oxygen transfer coefficient at temperature of water at T(
• C) can be calculated as where (K L a) T = volumetric oxygen transfer coefficient (s −1 ) at temperature T(
• C), , C s = saturation concentration of oxygen in water (mg/L), C 0 = concentration of oxygen in water at time t = 0 (mg/L), and C t = concentration of oxygen in water at time t in seconds (mg/L).
To provide a uniform basis of comparison of different systems, K L a is evaluated at standard conditions (Conway and Kumke 1966; Pillai et al. 1971; Daniil and Gulliver 1988) . At standard conditions (clean water at 20 °C temperature and 1 atmosphere pressure), volumetric oxygen transfer coefficient can be evaluated as where K L a = volumetric oxygen transfer coefficient (s −1 ) at temperature 20 °C and pressure of 1 atmosphere and T = Test temperature of water (°C).
The standard oxygen transfer rate (kg/h) can be calculated (Deswal and Verma 2007a) as where SOTR is standard oxygen transfer rate (kg/h), C S * is saturation concentration of dissolved oxygen at standard conditions (mg/L), and V is the volume of tank water (m 3 ). The performance of a jet aeration system can be evaluated on the basis of standard oxygen transfer efficiency (Chipongo and Khiadani 2016) as where SOTE is standard oxygen transfer efficiency (kg/ kW h) and P is jet kinetic power (kW) estimated (Deswal and Verma 2007a) as where ρ is density of water (kg/m 3 ), Q is jet flow rate (m 3 /s), and V j is jet velocity (m/s)
Materials and methods

Hollow jet aeration device
Plunging hollow jet aerator consists of a conical-shaped surface device that spreads water emerging out from the outlet of a discharging pipe into the atmosphere, thus forming a hollow jet issued at the exit end of pipe. The jet takes the form of somewhat circular water sheet advancing in all
directions after emerging out through adjustable opening in between the exit end of the pipe and the conical surface of the aerator device. The jet goes on diverging as it advances and impinges on the water in the pool gradually sucking some of the air present in the space within the hollow jet and thus creates a large turbulence in the water in the pool. The aerator is installed at the pipe outlet with a centering and fixing arrangement such that the aerator remains co-axial with the pipe. The annular opening between the exit end of pipe and the aerator, making the aerator move upward and downward, can be adjusted by upward/downward movement of the aerator.
The cones fabricated of acrylic material are mounted on a bolt of 5 mm diameter which is connected by a bolt holder (14 mm diameter) using internal threads (5 mm) (Fig. 1) . The position of the bolt holder was about 7 cm above the pipe exit. To make the bolt holder at the center of the pipe, 3 pairs of centering and fixing screws (side screws having 3 mm diameter) are tightened to the bolt holder as shown in Fig. 5 . The centering and fixing screws are fixed to the pipe wall after tightening the bolt holder at the center. The wall thickness at the exit end of pipe was tapered to have the angle same as that of the jet angle of cone to ensure uniform jet at the outset. The centering of the bolt and the cone was ensured by the proper closing and tightening of the cone with the exit end of the pipe. The vertical distance (Y) between the pipe exit and conical surface was measured by counting the number of threads on the bolt by which the cone moves downwards from the fully tightened position with the pipe exit. The calibration of the length of bolt threads was done by using a scale having measurement accuracy of ± 0.5 mm. The rotation of the cone enables its vertical movement as well as the adjustment of annular space between conical surface and pipe exit. The annular gap between the conical surface of the aerator and the pipe wall is the thickness of jet, T j , calculated as Y⋅ cos , in which Y is the axial vertical opening and θ is the jet angle in °, representing the inclination of jet with the surface of water in the pool. Three cones with 30 o , 45 o and 60 o inclination angles having exit end diameter of 65 mm (base diameter) were operated along with three pipe assemblies having exit wall angles identical to the cone angles.
The jet velocity V j coming out from discharging pipe outlet having opening area of ⋅D⋅Y⋅ cos can be calculated by dividing the discharge, Q, by the opening area of flow at the device exit. The jet impact velocity changed with the distance from the exit end of the aerator; therefore, in order to maintain jet impact characteristics similar during each experiment and to avoid the effect of distance, the device is kept almost touching the water surface in the tank at a constant jet length of 0.1 m. This constant jet length is used with each inclination angle jets so that the comparative analysis of the jet angles would be uniform.
In this study, experiments were conducted on plunging hollow jet aerators of three jet angles of 30°, 45° and 60° having jet thicknesses ranging from 4 to 17.3 mm, installed at the exit end of a 50-mm-diameter (internal) pipe with the provision for adjustment of thickness of the jet produced.
Fig. 1 Hollow jet aeration device
Determination of dissolved oxygen (DO)
Azide modification method based on the guidelines provided in APHA et al. (2005) is employed to measure the quantity of oxygen dissolved in the tank water. The reagents are prepared as per the directions given in APHA et al. (2005) . Three representative samples of testing water are collected in 300-mL BOD bottles: two samples containing the aerated water after running the aerator for 1 min, and other sample containing the testing water prior to each test run. The measurement procedure is started by adding 1 mL of MnSO 4 followed by 1 mL alkali-iodide-azide by using a pipette holding just above the sample surfaces. All the samples are thoroughly mixed after closing the lid of the bottles, and the precipitates are allowed to settle half the bottle volume. H 2 SO 4 is then added to each of the samples and mixed until proper dissolution. After this, 200 mL sample of the original samples is titrated in a conical flask using a burette of least count of ± 0.1 mL containing sodium thiosulfate solution (Na 2 S 2 O 3 ) after adding few drops of starch indicator to the testing samples. The volume of the Na 2 S 2 O 3 solution utilized in titration is noted in order to determine the initial and final DO of the representative samples.
Experimental setup and methodology
The schematic representation of the experimental setup is shown in Fig. 2 .
The experimental setup involves an aeration tank having dimensions 1 m × 1 m × 1 m with a water circulating arrangement through a pipe of diameter 50 mm connected to a centrifugal pump, a flow regulating valve to control the rate of flow, a calibrated orifice meter to measure discharge of water flowing through pipe, and a thermometer to measure the temperature of water in the tank. Tap water was used for all the experiments, and the level of water in aeration tank was maintained constant nearly at 0.65 m. Hollow jet aerating device connected to the outlet of vertical pipe was installed at a height of 0.1 m from the water surface throughout the experimentation. The experiments were conducted with jet velocities ranging from 0.7 to 4.77 m/s under a discharge range of 2.3 to 3.6 L/s. Thickness of jet was manually adjusted by scaling the vertical opening between pipe outlet and aerator end. For obtaining the amount of oxygen transferred to water in the tank for a particular jet aerator, a known volume of water was filled in the tank. An estimated quantity of sodium sulfite (Na 2 SO 3 ) along with cobalt chloride (CoCl 2 ) as catalyst was added to bring dissolved oxygen level of water in the tank between 1.0 and 2.0 mg/L (Deswal 2008) , and a sample of water was taken for initial DO (C 0 ) measurement. Then, the aerator was allowed to run for a specified period of time. (It was ensured that the device was run for a period (t) that DO of water in the tank does not reach the saturation value at the test temperature, T°C, and the final DO (C t ) was then measured.) Two samples are collected from the tank for final DO determination, and the average DO value of two samples is considered as final DO (C t ). The temperature of water in the tank is measured by a mercury thermometer with a minimum accuracy of ± 0.1 °C. The procedure was repeated for various runs of observations by using different jet aerators. The value of volumetric oxygen transfer coefficient (K L a) was then estimated.
Experimental results
Angle of jet plays an effective role in influencing the oxygen transfer of plunging jets Deswal 2008 ; Jahromi and Khiadani 2017). These researchers recommended jet angle of 60° for significant oxygen transfer in the water pool by the cylindrical impinging jets. In the present study, the influence of jet angle becomes prominent at higher jet velocities (V j ˃ 2 m/s) in case of hollow jets. As illustrated in Fig. 3 , the impact of jet angle is not significant at smaller velocities; the oxygen transfer is observed getting effected with jet angle at higher jet velocities only. A noticeable increase in K L a is observed as the jet velocity increases for all the jet angles tested as reported in the previous studies. The increased kinetic energy and jet momentum of highvelocity jets create intense turbulence and high shear in the water and increase the oxygenation of pool water. The characteristics of hollow jets are much different to the nozzle jets as the aeration device exposes much larger surface area of jet into the atmosphere by creating a circular water sheet, and the impingement develops a hollow spaced conical jet within the pool of water rather than impinging in the form of a solid jet. The impact of jet velocity on the K L a with variation of jet angles is depicted in Fig. 3 . The deviation of flow is larger in hollow jet angle of 30°, creating large disturbances and much higher turbulence to the pool water surface at higher velocity, encompassing more air above the water surface rather than impacting deep into the water pool, and rapidly generating air-water interfaces by producing a much larger contact area. Although the oxygenation performance is encouraging with hollow jet angle of 30 o compared to the other angles, still, the angle is envisaged to be not so effective with deep aeration pools, the reason being that the larger expansion of jet results in shallow penetration into the pool and reduces the jet activity at the lower section of the tank. This angle cannot be investigated further for higher velocity ranges beyond 3.7 m/s due to tank area limitations because the jet flow was effected by walls of the aeration tank. From Fig. 3 , analyzing best fit curve of K L a values for the jet angles, it is inferred that K L a curve achieved with hollow jet inclination angle of 60° is higher than the jet angle of 45° beyond the jet velocity of 2 m/s, and the impact becomes stronger with the increase in jet velocity. The addition of oxygen by the jet impact angle of 45° is lower than the jet angle of 60° possibly due to increased bubble interaction time with the pool water resulting from deeper jet penetration with higher jet angle, and thus, the surface activity caused by larger deviation angle (45°) is overcome by deep interaction of jet with hollow angle of 60° resulting in higher oxygen transfer.
The impact of jet kinetic power (P/V) on K L a and SOTE for hollow jet inclination angles of 60°, 45° and 30° is presented on the plots illustrated by Figs. 4, 5 and 6, respectively. K L a consistently increases with the increase in jet power, while SOTE values gradually decrease with the increase in kinetic jet power, similar to the findings of previous researchers. Low-power jets had higher oxygen transfer efficiency values, and SOTE starts declining as P/V increases for whole range of experiments with all the three jet angles tested. From Fig. 7 , analyzing the best fit lines of the three angles tested, SOTE curve of jet angle 45° is observed lowest for the whole range of kinetic jet power tested which is ascribed to the lower values of K L a relative to other jet angles for the all velocity ranges. Figure 7 shows that at low kinetic power (P/V ˂ 0.004 kW/m 3 ) SOTE value of 30° aerator is slightly lower than 60° aerator, but improves significantly with the increase in kinetic jet power and the highest efficiencies are observed with 30° hollow jet aerator at higher P/V values (P/V ˃ 0.005 kW/m 3 ). The SOTE values of 30° and 60° hollow jets are observed noticeably higher than 45° hollow jets for the entire range of experiments (Fig. 7) . The surface of pool water is vigorously agitated with the formation of eddies and sideways movement of water jet below and close to the water surface increases the interfacial area of pool water, and this progresses further with the increase in jet velocities. On average basis, the overall increment in SOTE for the jet angle of 30° relative to jet angle of 60° and 45° is observed as 10.5 and 17.3%, respectively, while the overall gain in SOTE by 60° jet angle over 45° is observed as 6.1%. The SOTE in this study is observed higher than in the study conducted by Deswal and Verma (2007b) on conical plunging jet aerator (Table 6) probably because higher thickness range tested in current study leads to more surface instabilities and deeper jet submergence due to high shear and momentum with thicker jets. Table 1 summarizes the results of volumetric oxygen transfer coefficient (K L a) and standard oxygen transfer efficiency (SOTE) for the jet angles utilized in this study.
Modeling
The soft computing-based modeling techniques are very popular in the field of water resources and environmental engineering. A lot of studies in the literature discuss the use of modeling techniques, viz. support vector machines (SVM), artificial neural network (ANN), multivariate regression function-based relationships (MLR and MNLR), gene expression programming (GEP), Gaussian process regression (GP) (Onen 2014; Sihag et al. 2017 Sihag et al. , 2018a Singh et al. 2017; Kumar et al. 2018) . In this study, relationships based on multiple linear and nonlinear regression are compared with the back propagation artificial neural network technique.
Data set
The modeling study is based on the current experimental data obtained from oxygenation study of plunging hollow jet aerators. Jet parameters, viz. jet thickness (T j ), jet velocity (V j ) and jet angle (sin θ), are considered as inputs, and volumetric oxygen transfer coefficient (K L a) is considered as output for model building and validation. The complete data set is divided into training and testing data sets. Out of 80 experimental observations, 56 observations (70%) are selected for training the models and 24 observations (30%), randomly selected from the complete data set, are utilized for validation of the models. The details of the data set are provided in Table 2 .
Artificial neural network
Neural networks are general-purpose computing tools that can solve complex nonlinear problems (Fischer 1998) . The network comprises a large number of simple processing elements linked to each other by weighted connections according to a specified architecture. These networks learn from the training data by adjusting the connection weights (Bishop, 1995) . Every neuron in the network computes a weighted by W ij sum of its p input x i , for i = 0,1,2…n hidden layer and then applies a nonlinear activation function to produce an output u j . The formation of this function is:
In this study, multilayer perceptron neural network (MLP) with back propagation algorithm consisting of three layers: first, an input layer, representing input variables (i), second, a hidden layer (j) and third, an output layer (k), is used. Each layer is interconnected by weights W ij and W jk , every unit sums its inputs and adds a bias or threshold term to the sum, and this sum is then transformed by an activation function to produce an output (Quej et al. 2017) . Logistic sigmoid function (Eq. 8) is used as an activation function in this study. The value of learning rate (the rate by which the weights are adjusted), momentum (momentum applied to the weights during updating) and the number of iterations was selected as 0.5, 0.1 and 2500, respectively, in the present study, and the sensitivity of ANN was tested by varying the hidden layer neurons from 1 to 18 on both training and testing data sets. The performance evaluation of the models is done on the basis of coefficient of determination (R 2 ), root mean square error (RMSE) and mean absolute error (MAE) values. The ANN modeling results with varying hidden layer neurons, represented in Table 3 , revealed that MLP with 16 hidden layer neurons (3-16-1) is best of all other tested ANN models in prediction due to higher value of R 2 and minimum value of RMSE and MAE (Table 3 , Fig. 8 ) in both training and 
Multiple linear regression
Multiple linear regression (MLR) is a method used to model the linear relationship between a dependent variable and one or more independent variables. MLR is based on least squares: The model is fit such that the sum of squares of differences in observed and predicted values is minimized (Onen 2014) . Multiple linear functions of interest are as follows:
where Y is the value of the dependent variable; a is the constant; b 1 is the slope for X 1 ; X 1 is the first independent variable that is explaining the variance in Y; b 2 is the slope for X 2 ; X 2 is the second independent variable that is explaining the variance in Y; b 3 is the slope for X 3 ; X 3 is the third independent variable that is explaining the variance in Y. The following equation is derived after applying multiple linear regression to the training data set:
K L a = −0.00732 + 0.29334T j + 0.00383V j − 0.0001 sin Multiple nonlinear regression Deswal and Verma (2007b) investigated the aeration performance of conical plunging jet aerator (jet angle 60°) for a thickness range of 1.9-3.77 mm and reported the following
In a similar way, a nonlinear relationship of K L a is purposed based on jet velocity, jet thickness and jet angle of hollow jet aerators (Kumar et al. 2018) . Functional relationship of interest is as follows:
Nonlinear relationship between the dependent variables and the independent variables based on multivariate power function was considered, and the following equation is derived from the training data set:
Modeling results
ANN modeling results are compared with the applied regression techniques to the current data of oxygen transfer considering jet thickness (T j ), jet velocity (V j ) and jet angle (sin θ) as inputs and volumetric oxygen transfer coefficient (K L a) as output. Models are generated on the training data set and validated on the testing data set for all the three modeling techniques. Statistical parameters (R 2 and RMSE and MAE) were used to evaluate the performance of modeling techniques. Figure 9 shows scatter plots of training data set denoted by error line diagrams (± 15%) for optimal ANN model (3-16-1), multiple 198 linear regression and multiple nonlinear regression, and the results are represented in the same way for the testing data set in Fig. 10 . It is clear from both figures (Figs. 9,  10 ) that the modeling results are well within the range of ± 15% error lines, which signifies good predictability of all the utilized modeling techniques in forecasting volumetric oxygen transfer coefficient. However, linear regression (Eq. 9) approach predicted output deviates at couple of points from the ± 15% error line with training data set with lower value of R 2 (0.936) and higher values of RMSE (0.000644) and MAE (0.00042) suggesting inferior performance in building regression model, but the testing results are encouraging (R 2 = 0.983, RMSE = 0.000518 and MAE = 0.000401) and lesser deviation was observed in testing plot as the predicted points are in close proximity to the agreement line. A slight variation in R 2 values was observed in both regression modeling approaches (linear and nonlinear) with the testing data set, but lower values of MAE (0.000323) and RMSE (0.000484) obtained from nonlinear regression (Eq. 12) suggest better prediction of multiple nonlinear regression in comparison with multiple linear regression approach. The modeling results of both ANN and nonlinear regression are positive on both training and testing data sets in prediction. Of all the tested models, the prediction performance of ANN is best in both training (R 2 = 0.988, RMSE = 0.000282, MAE = 0.000194) and testing data (R 2 = 0.99, RMSE = 0.000351, MAE = 0.00027) followed by nonlinear and linear regression models, respectively (Table 4) . Figure 11 suggests that used ANN model achieves close approximations of the experimental observations in both training and testing phases, suggesting usefulness of this modeling technique in predicting K L a values of hollow jet aeration devices. The predicted points of linear regression model do not follow the same pattern and found differing The results of the present study are compared with the existing studies on plunging jet aeration devices (Fig. 12) and represented with the testing data set results obtained from Eq. (12) (nonlinear regression). The plot provides information about experimental versus predicted values of K L a with proposed empirical relationships for various plunging jet aeration systems and represented by an agreement line. It is evident from the figure that predicted points of Eq. (12) lie close to the agreement line. The relationship proposed by for cylindrical nozzle jets is underperformed in predicting the K L a values of hollow jets and has the highest value of MAE (0.002394) ( Table 5 ). The predicted points of single radial jet (Deswal and Verma 2007a) lie close to the observed data (particularly at higher K L a values) in comparison with all the other aeration devices and have least MAE value of (Table 5) . On the other hand, conical hollow jet predicted points are in close proximity to the agreement line for smaller K L a values and scatter more at higher K L a values, possibly due to much wider range of jet thicknesses studied in the present study of hollow jet aerators relative to study conducted by Deswal and Verma (2007b) , and the plotting results support the statement made by the author that thicker jet results in higher K L a values. The predicted points of K L a are observed highest with inclined radial jet having a much higher values of RMSE (0.00209) and MAE (0.001923) for the current testing data set and lie distant from the agreement line which is probably because deeper penetration with the radial jets improves the bubble retention time and so is the oxygen transfer. 
Comparison with plunging jet aeration devices
Conclusions
The overall oxygen transfer performance of hollow jet angle of 30° is found better than the jet angles of 45° and 60°. However, the performance of jet angles of 30° and 60° is comparable at low-power jets. The modeling results suggest that ANN technique is superior and outperformed both multiple linear regression and multiple nonlinear regression techniques in predicting volumetric oxygen transfer coefficient of hollow jet aerators. The modeled volumetric oxygen transfer coefficient values are in good agreement with the experimental results. Correlation derived from nonlinear regression is found to work well as compared to linear regression; hence, the relation simply can be helpful in deciding finest configurations of hollow jet aerators; however, the utility is limited to the current experimental range. The present study results on hollow jets are comparable to the existing published work on oxygen transfer efficiency of different plunging jet aerators and show a great potential in the application of waste water treatment and mixing applications due to its flexibility in adjustment of jet area, and hence quite useful in handling waste water of different characteristics. These aerators can be effectively operated with aeration tanks having larger water surface area due to its jet spreading nature.
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